Introduction
In part I of this series [1] it was demonstrated that the reactivity o f vinyl cations of the structure R. with ethers (diethylether, tetrahydrofuran) and ali phatic alcohols (methanol, ethanol, 2 -propanol, r-butanol) it turned out that the reactivity of Ia+ is at least one order o f m agnitude greater than that of Ig+ and I;+. Recently, we continued our studies concerning the reactivity of substituted vinyl cations and em phasis was put on two aspects: (a) the effect of the substituents R 1 and R 2 located at the carbon in po sition 2 and (b) the effect of the substituent R lo cated at the carbon in position 1. Vinyl cations I + were generated -as described in part I The vinyl cations were formed during the flash and rate constants of the reaction of I + with te trahydrofuran and various aliphatic alcohols could be easily determined since their lifetimes were relatively long.
Experimental

a) M aterials
Com pounds Ia to Im (see Table I ) were synthe sized and purified by applying methods described elsewhere [2] , Tetrahydrofuran (TH F), acetonitrile (MeCN), methanol, M eOH, ethanol, EtO H , and 2-propanol, 2-PrOH, (obtained from Aldrich or E. Merck) were distilled prior to use. T H F was dis tilled from C aH 2 and M eCN from P2O s.
b) Irradiations
Acetonitrile solutions containing I and a nucleo phile at varying concentrations were irradiated in rectangular quartz cells with 15 ns laser flashes of 266 nm light. The absorption was about 20% and the absorbed dose per flash was about 5 x 10~6 mol/1. The concentration of the substituted vinyl bromide was 0 .6 5 -1 .7 x 10" 5 mol/1. Normally, ir radiations were performed in the presence o f air, since it was found that the lifetime of the interm e diate formed during the flash was the same in Arand air-saturated solutions.
R esults and D iscussion
The photolysis o f all vinyl bromides listed in T a ble I resulted in the form ation o f transient optical absorption spectra characteristic of substituted vinyl cations [3, 4] having absorption maxima around 350 nm. The decay of the transient optical absorption was measured at X = 340 nm in the ab sence and presence of additives (TH F, M eOH, EtOH and 2-PrOH). In all cases the decay o f the absorption conform ed to 1st order kinetics. The decay constant depended on the additive concen tration [Y] according to reaction (2):
Here, k0 is the decay rate constant measured in the absence o f additive. Table I . The order of listing follows decreasing reactivity from top to bottom , and from left to right. From Table I it can be seen that the reactivi ty of the nucleophiles decreases in the order TH F > MeOH > EtOH > 2-PrOH. M oreover, it be comes obvious that the reactivity o f vinyl cations depends on the chemical nature of the substituents at the carbons Cj and C2 as will be discussed below in more detail. 
a) Influence o f C2-substituents on the reactivity o f vinyl cations
A com parison o f vinyl cations Ia+, Ib+, Ie+ and Ig+ which have the same C,-substituent (p-methoxyphenyl) reveals that Ia+ is most reactive and that the reactivity decreases in the order Ia+ > Ib+ > Ie+ > Ig+. A feasible explanation associates this reactivity dependence with a steric effect o f the substituents. In this connection it is interesting to com pare the present results with kinetic data ob tained for the acidic hydrolysis o f aliphatic esters o f the general structure R -C O O C 2H 5. In this case the log(k7k0') = Es was found [5] to be a nearquantitative measure o f the net potential and ki netic energy effects associated with a given substi tuent relative to the standard of comparison (C H 3C OOC2H 5). Listed Es values [5] pertain to k' and ko', the rate constants of the hydrolysis of R -C O O C 2H 5 and o f C H 3C OOC2H 5, respectively. In Fig. 2 Table II ). In all three cases log k2 depends linearly on Es indicating that indeed the reactivity dependence is associated to a Table I H xPh
the log k2 o f the reaction of vinyl cations Ia+, Ib+, Ie+ and Ig+ with M eOH, EtOH and 2-PrOH is plotted vs. Es values o f the hydrolysis of corresponding esters (see
Es
Fig. 2. Semilogarithmic plot o f rate constants k2 (see
steric effect. M oreover, it can be seen from Table I that the reactivity o f If+, Ig+, Ih+, Ij+ and Ij+ is al most equal. Although there are no Es values avail able in these cases it can be assumed that the steric influence o f the substituents R 1 and R 2 is quite similar. Notably, vinyl cation Im+ exhibits an even lower reactivity than Ig+. Also here, Es is not known, but it sounds reasonable to assume that the steric effect essentially determines the reactivi ty.
b) Influence o f C ,-substituents on the reactivity o f vinyl cations
Relevant k2 values applying to Ic+, Id+, Ig+, Ik+ and I,+ (see Table I ) allow a discussion o f the influ ence o f the methoxyl group on the reactivity of vi nyl cations o f the general structure it3 L ♦ /-C ;c=c-<^>-The unsubstituted vinyl cation (triphenyl vinyl ca tion, R 3 = R 4 = R 5 = H) is very reactive. A reac tion with the solvent (acetonitrile) in the absence o f any additive led to a significant change in the optical absorption spectrum. This reaction was completed within ca. 100 ns after the flash. Substi tution o f H atom s by methoxy groups reduces the reactivity appreciably as can be seen from These results can be ex plained in terms of the combined action of mesomeric (resonance, +M ) and inductice (-1 ) effect of the methoxyl group. Actually, the + M effect coun teracts the -I effect with respect to the electrophilicity o f the reactive center at C,. Thus, the strong ly reduced electrophilicity of Ig+ should be due to a strong +M effect which is only insignificantly af fected by the -I effect. However, the latter is much more pronounced in the case of Ic+ because of the rather close proximity of the substituent to the reactive center. Interestingly, in the case of Ij+ the combined action of two methoxy groups via the + M effect leads to a very low reactivity. In a similar way, the other two cases contained in Table III can be discussed. The methyl group in meta position in the case of Id+ exerts a + 1 effect resulting in a k2 value lower than that o f Ic+. Re garding the electrophilicity of Ik+ it has to be noted that bromine in meta position cannot exert a +M o -0.07 [6] -0.49 [7] -0 . 7 8 [6] effect. However, it can exert an -I effect on the reactive center counteracting to some extent the + M action of the two methoxy groups. This re sults in a k-, value about 3 times larger than that of VNotably, the k2 values obtained in the experi ments with Ic+, Id+, Ie+ and Ik+ can be correlated satisfactorily to a + values reported by Ritchie and Sager [6] and Fujio et al. [7] . Fig. 3 shows a plot of log k2 vs. a + according to the Brown -O k am o to equation: log k2 = log k0_2 + Q+a + (3) (k0_2: rate constant for the unsubstituted com pound)
The slope o f the straight line yields q+ = 3.4. Inter estingly, q+ = -4 .1 , i.e. a value of similar magni tude but o f opposite sign, was found for the solvolysis of the corresponding vinyl bromides [8] . The negative sign denotes that the form ation of vinyl cations by solvolysis is becoming more probable as the electron donating power of the substituent in creases. By contrast, the reactivity of the vinyl ca tions decreases with increasing electron donating power of the substituent. Table  III ) vs. cr+ according to eq. (3). < j + values were taken from ref. [6] .
